fourthly, the inheritance of self-sterility; and fifthly, the effect of self-fertilization on the offspring. The present investigation was commenced in the belief that Ciona intestinalis is almost, if not completely self-sterile, in which case the first, second and fifth of the problems just enumerated would be non-existant. It was proposed to investigate the inheritance of the self-sterility on the lines of the extremely interesting work by CORRENS (4 / on Cardamine pratensis. That is to say, separate cross-fertilized families would be raised to maturity, and then the members of a family be crossed inter se, with individuals of the family derived from the reciprocal cross, and with unrelated individuals.
CASTLE (1 / originally demonstrated the self-sterility of Ciona intestinalis when making fertilizations to obtain stages in the development of the embryo. The animals used were from l~ewport. A number of specimens were isolated in separate dishes, where they discharged eggs and sperm simultaneously nearly every day. In the majority of cases none of these eggs were found to have been fertilized, although in some as many as 90% segmented. In contrast with this, when several animals were placed together in an aquarium usually 100o/o of eggs which were discharged segmented. Repeating the observations with eggs and sperm artificially removed from the genital ducts, he found that self-fertilization usually caused few or no eggs to segment, although in one instance 500/'0 were self-fertilized. Similar observations were made by GUTHERZ in 1903 (7a) .
During the course of an extensive investigation on the phenomenon of self-sterility in Ciona, MOI~GAS never found such high percentages of eggs self-fertilized as CASTLE had done. The first part of MOROANS work was done at Woods Hole in 1903, when he states (9, p. 138) with regard to artificial fertilizations that :>I have rarely seen more than from I to 10 per cent. of self-fertilized eggs segment, and in the greater number of cases not a single egg segmented~. The second part of the work was done at Coronado Beach, California in 1905. Here, in making fertilizations with eggs and sperm removed artificially from the bodies of the animals, ,in only one case out of many hundereds of eggs mixed with their own sperm did fertilization occurs. The final part of the investigation was carried out at Woods Hole in 1909 (11) and this time cases of self-fertilization were extremely rare.
CASTLE himself suggested that when high self-fertilization percentages were obtained the result may really have been due to the cross-fertilization of some of the eggs by spermatozoa accidentally present in the water. Mo~GAs (9) thinks this probable, since he never got such high percentages as CASTLE. Nevertheless~ in two cases CASTLE obtained 90o/o of eggs self-fertilized after the animals had been isolated for three days, and it is very unlikely that spermatozoa of Ciona can retain their power of fertilizing after having been for such an extended period in sea-water, even if they are, as MORGAN suggests, entangled in the branchial basket of the animal.
Apart from experiments to be described below, in which fertilizations were made with spermatozoa that had been in sea-water for varying intervals, and all of which showed a more or less rapid deterioration of the sperm, the following preliminary tests showed that the activity of the spermatozoa does not last for very long after they have left the vas deferens.
/1) Unfertilized eggs were removed fi'om 4 animals at 7 1 ). M. At the same time sperm was removed from the sperm-duets of the same individuals and a mixed suspension made up. At 11.20 A. M. on the following morning some of each of the lots of eggs were fertilized with sperm just removed from another individual, and in all four cases 100% of the eggs segmented. Other samples of these eggs however, when inseminated at the same time with the sperm suspension made on the preceeding evening, showed only one irregularly segmenting egg between them. Evidently the life of unfertilized eggs is much longer than that of spermatozoa in sea-water. (2) Eggs were removed fl'om an individual into sea-water at 8 1). M. Fertilized on the following evening at 9.50 P.M., with fresh sperm, 100% segmented, although irregularly. (3) A comparatively dilute suspension was made of the sperm of one individual at 8 P. M. At 9.50 1). M. on the following evening this failed to fertilize a single egg of a sample just removed from another animal.
It appears therefore that the higher self-fertilization percentages obtained by CASTLE than by MOROAN were probably due to other causes than the presence of spermatozoa of other individuals: since the animals had been isolated for some days.
Preliminary experiments (in which rigid precautions were taken as described in the following Section to exclude the presence of ,foreign, spermatozoa) soon convinced me that Giona intestinalis at ~aples was far from being completely self-sterile and that the degree of self-sterility varied greatly. In many cases no eggs segmented after insemination with sperm of the same individual, in others 11, comparatively high percentages of fertilized eggs were obtained. POTTS (13, p. 481) had already observed that the Ciona at Naples is not completely self-sterile. He obtained ~nearly 100o/o of cmbryos~ from self-fertilized eggs, an occurrence which was comparatively rare in my experiments, but which would be accounted for if POTTS used very concentrated sperm suspensions. Evidently the race of Ciona at Woods Hole behaves differently in respect to its capacity for self-fertilization from that at Naples 1). The first preliminary experiments were made on the lines adopted by CASTLE. Animals Were isolated for a number of days in bowls of filtered water and the proportions of self-fertilized eggs in each lot were counted. Although this was a fairly extensive series lasting over a month, subsequent experience showed that it was valueless except in demonstrating that self-fertilization can occur. The different lots of eggs deposited by a given animal on successive days showed very varying amounts of self-fertilization, a circumstance which undoubtedly depended largely on the different amounts of sperm ejected with the eggs. The varying self-fertilization percentages suggested, but by no means proved, that the eggs of one individual vary from day to day in their capability of being self-fertilized. Subsequent experiments proved this surmise to be true (see pp. 180 et seq.).
The fact that Ciona at Naples is far from being quite self-sterile, and that the extent of the self-sterility varies in different individuals and in the same individual with successive lots of eggs and sperm produced, appeared at first sight to render the investigation of the inheritance of the self-sterility difficult or impossible. Nevertheless self-fertilization proved always to bc very much more difficult to bring about than cross-fertilization. In general a comparatively dilute sperm suspension, but one which was concentrated enough to fertilize 1000/o of eggs ofauother individual, would only rarely fertilize even one to two per cent. of the eggs derived from the same animal as itself. To bring about self-fertilization much more concentrated sperm suspensions were necessary, and even then it by no means always followed. Taking this fact into consideration, it is plain that after the limits and conditions of the occurrence of selSfertilization have been determined, the problem of the inheritance of the comparative self-sterility is still a feasable one for investigation. 1) Whether the form of Cio~a i~dcsti~mlis at Woods Hole is really a distinct variety :var. ~e~zella or not seems to be uncertain, especially as the distinguishing characters of vat. tc~dla are not very definite ~ (8,12.
Experiments are now in progress which are designed to give an answer to the question of inheritance; but the object of the work described in this paper was to investigate thoroughly the conditions undel' which self-fertilization occurs1). Besides this the present work deals with the effects of self-fertilization on the offspring. The reason or cause of self-sterility is quite another problem and one which is hardly touched upon here, although Section IV deals with a phenomenon which may shed considerable light on the question.
Starting with a race of Ciona which was almost completely self-sterile, the main object of MOR(~Ax's work was to investigate the cause of this phcnolnenon and to bring about self-fertilization by artificial means. Besides this he carried out an extensive series of cross-fertilizations to discover whether eggs of one individual can be fertilized equally well by the sperm of all other individuals, provided that it is in good condition. He concluded that this does not take place. A critique of Mot~GAx's methods is given in the following" Section, showing that the way in which the experiments were carried out does not justify the conclusions drawn fi'om them. It is not denied that there may be different degrees of sterility exhibited in cross-fertilizations, but Mo~G_a~'s experiments do not at all prove the point. The only undoubted result which MORGAX seems to have established with regard to the self-sterility is that self-fertilization can be induced to a certain degree by treatment of the sperm (and possibly also of the eggs) with solutions of ether and alcohol. It is difficult to see, however, what light this sheds on the cause of the self-sterility.
The preliminary experiments of the present investigation brought to light some interesting facts with regard to the manner of egg and sperm deposition. The isolated animals lay some hundreds of eggs almost every day for a week or so, after which the frequency of the depositions and the number of eggs laid decreases. Sperm is almost always deposited simultaneously with the eggs, only rarely the one being shed without the other. The manner in which the genital products arc ejected is as follows. A small mass of eggs t) In connection witil the phenomenon of self-sterility in CioJza, the following record of a hermaphrodite Echinoid is of interest. In March 1913 a specimen of StroJ~gyloce~lrot~s lichl~s waskindly given to me by Dr. MEYErnor, in which three of the gonads were ovaries and in the remaining two the upper third was testis and the lower two-thirds ovary. Both eggs and sperm were ripe and the specimen proved to be perfectly self-fertile.
exudes from the aperture of the oviduct into the atrium and at the same time a small mass of sperm issues fi'om the vas deferens. After about half a minute, when this mass of eggs and sperm lying at the apertures of the genital duets has reached a certain size, it is suddenly expelled into the water through the exhalent siphon by a violent contraction of the muscles in the body wall. The process is then repeated. The whole period of egg and sperm deposition usually lasts fi'om five to ten minutes. CASTLE (1) first observed that Ciona intestinalis deposits its genital products at a definite time of day. His animals always discharged their eggs and sperm an hour or an hour and a half before sunrise. MORGAN (9) states that at Woods Hole ~the eggs are laid in the early morning, at dawn,. SEELIGER (14) however remarks that at Trieste there is no such regularity in the time of deposition. With the Ciona at Naples 131 depositions of genital products were observed by me in a number of isolated animals during the months of December and January. 105 of these took place in the late afternoon after 5 o'clock, that is to say after dusk had set in. 6 depositions were in the night (as judged by the state of segmentation of the eggs on the following morning) and 20 in the early morning, about sunrise. Almost all the early morning depositions were by individuals which had been laying regularly for a number of days in the late afternoons, which suggested that morning laying was an effect of the laboratory conditions. As this was not an invariable rule it is hardly of value to publish the exact records. The only conclusion to be drawn is that in the great majority of cases eggs and sperm were discharged in the late afternoons and that in no cases did the depositions occur during the period of bright daylight. It is hoped to decide whether the stimulus to discharge the genital products may be given by a change from light to darkness, or from darkness to light, by further laboratory experiments, which will also deal with the mechanism of ejection.
The present investigation was carried out at Naples between December 1912 and July 1913 while occupying the Cambridge University Table. I would like to take this opportunity of tendering my very best thanks to the Staff of the Zoological Station, both for the valuable advice and help afforded me throughout the course of the work, and for the trouble taken to procure an abundant supply of material, which was brought in fresh from the sea almost every day. My thanks are also due to Mr. R. H. CO~tPTON of Gonville and Caius College, Cambridge, who originally suggested to me an investigation of the problem of self-sterility.
II. Methods. Importance of exactness.
Before detailing the technique employed, the essential nature of the method of experimentation should be explained. Shortly put, it was as follows. Approximately equal numbers of eggs from a single animal were placed in two or more dishes, each of which contained exactly the same quantity of sea water. Fertilization was then effected by the addition to each dish of exactly the same amount of sperm suspension from a single animal. The object was to discover the effect on the eggs of different treatments of those in the different dishes, or the effects on the spermatozoa of varying preliminary treatments of the different samples to be added to the dishes. If this preliminary handling consisted in adding a certain solution to the quantity of sperm suspension to be used for fertilizing" the eggs in one of the dishes, the consequent dilution of the suspension was compensated for by the addition to the other lots of sperm of equal quantities of plain sea-water. The criterion of the effects on the spermatozoa of this preliminary handling consisted in a comparison of the percentages of eggs fertilized when the differently treated but equal quantities of sperm suspension were added to the dishes containing the eggs.
From this outline a number of absolutely necessary precautions can be deduced:
(1) If the experiment consists in the comparison of the effects of a differential treatment either of the eggs or of the spermatozoa, the eggs in the different dishes must all be derived from one individual, or no legitimate comparison can be made. Similarly the sperm used to effect the fertilizations must be all derived from one animal, and moreover the definite quantities used must be drawn from the same suspension. The reason for this is that it is found to be impossible in practice to make up two sperm suspensions of equal concentrations. The only method of judging the concentration of spermatozoa in a suspension is by the degree of milkiness, as seen with the eye. Differences in the degree of milkiness which are undctectable by the eye may mean considerable variation in the concentration of the spermatozoa (as measured by the percentages of eggs fertilized by equal quantities of the different suspensions).
(2) An experiment can be made to compare the proportions of eggs fertilized when equal numbers are taken from different individuals and to each lot is added an exactly equal amount of one sperm suspension. The reciprocal experiment of fertilizing equal quantities of eggs from one animal with equal amounts of sperm suspensions from several other individuals does not give a valid result. This again is owing to the fact that it is impossible to make up different sperm suspensions of exactly equal concentrations.
(3) The way in which the spermatozoa are subjected to the different treatments is as follows. A suspension is made up and afterwards divided among two or more dishes, which can then be subjected to different conditions of temperature etc., or be kept for different lenghts of time before being used. If the treatment consists in the addition of some substance, equal amounts of the one suspension are tried out into several dishes. To each dish is added an equal volume of liquid containing the substances. One dish is kept as a control of untreated spermatozoa, and to this is added a like volume of plain sea-water. In this way the concentrations of spermatozoa arc kept identical in the various sub-divisions of the suspension.
(4) In making the fertilizations in the different dishes of an experiment, it is essential that all the eggs in each lot should have an equal chance of being fertilized by the spermatozoa which are added. This is brought about by pouring the water containing eggs and spermatozoa from one dish to another immediately after the sperm has been added. This pouring was usually done 10 times backwards and forwards for each lot of eggs, which ensures a thorough mixing of the water in which the eggs were lying with the sperm suspension. The definite quantities of the latter were measured out with a graduated pipette, or by a certain number of drops from a pipette of constant bore closed at the top by the thumb.
(5) Since the experiments consisted in comparing the percentages of eggs fertilized under different conditions, it is obvious that these percentages must be above 0 and below 100. If none or if all of the eggs are fertilized in each of the dishes, no comparisons can be made. In consequence the concentration of the sperm suspension employed must be such that some but not all of the eggs are fertilized. ~ow this is a difficult matter to arrange, since the amount of dilution necessary in making up a sperm suspension so that some only of the eggs will be fertilized when a definite quantity of the suspension is added to them must be judged by the eye. In practice this can be done with more or less success, but very often the experiment turns out a failure. More than twice as many experiments were made as are recorded below. All those not detailed were failures because the sperm suspension was made either so weak that 0% or less than lO'o (<1no) or so concentrated that 100o/0 of the eggs were fi~rtilized in each of the dishes, thus allowing of no comparisons.
This applies to fertilization in the Echinoids and to cross-fertilization1) in Cio~a. In almost every case, provided that none of the eggs are immature o1" pathological, 100~ fertilizations can be obtained if a sperm suspension of sufficient concentration is used. With regard to self-fertilization in Ciona the matter is simpler, for it is very seldom that lOO0/o of the eggs can be fertilized by sperm from the same individual, however concentrated the suspension be. On the other hand, a comparatively large number of cases occur in which no self-fertilization at all can be obtained.
The next important point preliminary to an investigation of this nature is a determination of the degree of accuracy of the results. For this purpose an extended series of trials was made, lasting over a month. The object of these trial experiments was to discover the chief sources of error and the ways of overcoming them, together With the extent to which the numerical results were accurate.
It was found that accuracy depends on four main factors, which are as follows.
(a) The mode of making up the sperm suspension. This was found to be the largest source of error. If a suspension be made by taking some of the sperm from the )'as defercns, mixing it with sea-water, and then stirring the liquid, the spermatozoa are by no means evenly distri~nuted through the water. In the case of a thick suspension this is easily seen with the naked eye, but with the dilute suspensions used in the cross-fertilization experiments it is not obvious. If equal quantities of liquid are taken from such a suspension and added to equal amounts of eggs, the percentages of the latter which are fertilized are usually by no means the same: the error may even be as high as 200/o. A number of ways were tried of getting a more even distribution of the spermatozoa in the 1) Throughout this paper ,>cross-fertilization, means the fertilization of Ascidian eggs by spermatozoa of another individual.
water such as continued stirring, shaking the suspension in a tube, pouring once or twice from one dish to another, filtering --but all with no certain success. The results could not be depended upon. Eventually, however, it was found that by pouring the liquid to and fro 10 times at least a very uniform suspension could be obtained, so that equal amounts fertilized equal proportions of eggs.
(b) Thorough mixing of the eggs before dividing them into different lots.
The necessity for this precaution will be obvious in the light of experiments to be described below, which show that eggs taken from different parts of the oviduct of an individual Cio~a have very different capacities of being fertilized.
(c) The importance of the way in which insemination is effected has already been dwelt upon. A rapid and even distribution of the spermatozoa through the water containing the eggs is essential, so that all the eggs in the different dishes may have an equal chance of being fertilized. The most accurate method was found to be as follows. A certain amount of the sperm suspension to be used was pipetted into each of a number of dishes containing equal amounts (10--20 c.e.) of sea-water. The spermatozoa were thoroughly mixed with the water in each of these dishes by repeated pouring, after which the contents of the dishes were poured on to equal amounts of eggs lying in a drop or two of water in other vessels. The operation was finished by re-pouring each of the lots a number of times. This was the method adopted in most of the experiments, although sometimes the definite amounts of sperm suspension were simply pipetted straight into dishes in which the eggs were lying in equal quantities of water. After this the liquids were, of course poured backwards and forwards several times to ensure thorough mixing.
(d) The counting of the percentages of eggs fertilized. An investigation of which the results depend on a comparison of the ratio between two classes under different conditions involves of course an accurate estimation of this ratio. In our case it is not sufficient to give a rough approximation of the proportion of fertilized to unfertilized eggs as estimated by the eye. The whole investigation is an exact one, and accuracy is as necessary in observing the resuits as in carrying out the teehnique of the experiments.
The percentage of fertilized eggs in a given sample was always calculated from counts made when the eggs were in the 4-cell stage. This stage is reached at a convenient time after fertilization~ and it is impossible to mistake a segmenting for an unsegmented egg when the former has divided into four cells. A very necessary preliminary to the operation of counting is a thorough mixing of the eggs in each dish. It is frequently found that eggs lying in one part of a dish show a slightly different proportion of fertilized to unfertilized from those in another part. The actual counting was done by taking a number of eggs up in a pipette and spreading them in a line along a glass slide which was then passed under a low power of the microscope. Every percentage recorded is calculated from a count of 400--500 eggs. Sinee most of the fertilizations were made with less than 2000 eggs the percentages obtained by counting 400--500 of these should be fairly accurate. Each percentage is reduced to the nearest whole number.
The final result of these trials, in which each experiment was made double or triple in order to test the degree of aeeuracy attainable, was that the extent of the experimental error in the percentages might be as much as 3O/o. It will be seen, however, that in the results of the experiments the differences between pereentages to be compared with one another were almost always considerably greater than the extent of this error. There is one way, of course, in which an absolute control can be kept on the accuraey of any experiment. Each experiment might be duplicated --that is to say, each fertilization be made twiee with the same quantities of sperm and eggs --and the results rejected if they did not agree exaetly. This method was not adopted because time would not permit of it in all cases, nevertheless a similar eontrol was kept in many of the experiments. Each of the fertilizations was made double, bat different quantities of sperm were added in the two cases. By both giving similar differences in the percentages, the weakersperm and stronger-sperm series in an experiment confirmed one another. This method had the further advantage that there was much more probability of the experiment being a success. If in the weaker-sperm series the sperm was so dilute that no eggs were fertilized at all, probably the addition of a greater quantity to form the stronger-sperm series would give percentages lying between 0 and 100, and permit of comparison. Similarly, if it happened that the stronger-sperm gave all 100O/o fertilizations the addition of less sperm suspension to the water with the eggs to form the weaker-sperm series might give a result lying between 0 and 100%. If, however, both series lay between 0 and 100o/' o they were a cheek on one another.
g.M. Fuehs
The above outline gives the way in which the experiments were carried out and the precautions adopted to ensure the maximnm of accuracy in the results. There is another and more obvious source of error which has to be guarded against in all experiments on fertilization. Each experiment is made with the eggs from a single individual and the spermatozoa from a single individual. The. presence of even a minute quantity of spermatozoa of any other individual completely vitiates the results. This applies to cross-fertilizations as much as to experiments on self-fertilization, but in the latter the effects of such contamination are more obvious. It is with comparative difficulty that self-fertilization can be brought about at all in Ciona, and when it is found that this difficulty is lessened by the changing of a certain factor, the elementary precaution of ensuring the complete absence of spermatozoa from any other individual must naturally be taken before certainty can be attained that the alteration is really due to the condition which has been changed in the experiment.
The precautions which were taken to ensure the absence of sperm-contamination can be divided under three heads.
(1) Sterilization of instruments and water. All glass-ware was cleaned with hot water before being used. Similarly scissors, forceps etc. were dipped into hot water after every operation. The sea-water used in the experiments was taken from the circulation in the laboratory and passed through a Bcrkfeld filter. The complete absence of spermatozoa from such water is shown by the fact that Ascidian or Echinoid eggs never segmented when left in it without the'addition of sperm.
(2) Method of removing the eggs and sperm from the animals.
The first source of contamination of the genital products of Cio~a with the spermatozoa of other individuals is the possible presence in the pharynx, branchial-basket and atrium of the animals of spermatozoa taken in with the water. To guard against this, the animals (which were in almost all eases brought in from the sea on the day they were used) were treated as follows. The atrial cavity of each was slit up by inserting one point of a pair of scissors into the exhalent aperture. The animal was then pinned down in a dissecting dish and washed with a copious stream of fresh-water. The second possible source of contamination is that in removing the eggs from the oviduct some sperm might accidentally be taken with them from the adjacent vas deferens. It is extremely easy to puncture the oviduct and then suck out the contained eggs with a pipette without injuring the adjacent vas deferens at all. Sperm, however, will always exude from the aperture of the vas deferens during this operation. In order to prevent this, the tops of the oviduct and vas deferens were always tightly closed by means of a 9 bull-dog, clip before the animal was washed under the stream of fresh-water.
After the eggs had been taken from the oviduct, the latter was slit open from end to end and washed out with sea-water to remove all remaining eggs. The vas deferens was then punctured and a quantity of sperm removedwith a pipette.
(3) Controls of unfertilized eggs. The final check on the possible presence of ,,foreign~ spermatozoa is kept by the unfertilized egg-controls, which are a sine qua non to all experiments on fertilization. Out of every lot of eggs used in the experiments described below, 1000 or more were kept in a separate dish, to which no sperm was added. In no case recorded did a single egg segment in the control.
In describing the experiments, the genital products of each animal used are denoted by a single letter, the capital type (e. g. A) referring to the eggs of a female, and the small type (e. The results of the experiments are tabulated, and in the Tables the numbers given always mean percentages of eggs which have been fertilized, unless otherwise stated.
In order to illustrate the most usual method of carrying out the experiments an example is given here, which has the further advantage that it shows up a possible source of error which might easily lead to incorrect conclusions if not taken into account. If sea-water is passed through a filter-paper, the first water to come through is distinctly acid. Whereas normal sea-water gave yellow with neutral red, this filtrate gave a pink colour. It will be shown later that small traces of acid arc very injurious to spermatozoa, so that if such filtered water be used in the experiments the results will be quite untrustworthy. If a stream of sea-water is run through a filter-paper for 5 minutes, after this time the filtrate no longer shows any difference in acidity from normal sea-water when tested with the indicator. The point of the experiments to be described was to discover whether such filtered water still has any effect on spermatozoa, due to the possible presence in it of some other substance derived from the filter-paper.
The first experiment was made as follows. Eggs A were removed from one individual Ciona and sperm b from another, by the method already described. The eggs were placed in sterilized sea-water and thoroughly mixed by pouring from one dish to another. A sperm suspension was made up and diluted down to the required amount, after which it was thoroughly mixed by pouring it 20 times from one dish to another. Two small glass dishes were then taken. Into the first (1) was placed 10 ce. of normal sea-water, and into the second (2) 10 co. of sea-water which had come through the filter-paper. This paper had already been washed for 15 minutes in running sea-water, and the water which came through after this interval gave the same reaction as normal sea-water with neutral red. To each of the dishes (1) and (2) were added 3 drops of the sperm suspension b, so that two sperm suspensions were obtained, (1)in normal sea-water, and (2) in filter-paper water, and each of identical concentration. The liquid in each dish was thoroughly mixed by pouring. Into each of two other small dishes were then placed approximately equal quantities of A eggs in 3 drops of water. The. liquid in dish (1) was then poured on to one of these lots of eggs, and that in (2) on to the other. By this means fertilization was effected, and in order to ensure a quick and thorough mixing of the eggs and sperm the contents of the two dishes were each poured backwards and forwards into two other dishes several times. When the 4-cell stage was attained, the percentages of eggs which had been fertilized in the two dishes were counted in the way described above. The experiment was then repeated on exactly similar lines with another cross, Ale. The results are tabulated below. Table, to show the effect on the ,fertilizing power, of a sperm suspension of water which has passed through a washed filter-paper (44.26.6). The Table shows that in each of the experiments fewer eggs were fertilized by the sperm suspension treated with water from the filter-paper than by the sperm not so treated~ although the two suspensions were of identical concentrations. In the first case the decrease was from 100~ to 770/0 and in the second from 950/o to 310t/o. This is expressed by saying that the ,fertilizing powerr of the sperm suspension had been diminished by the treatment with filter-paper water.
The foregoing remarks have emphasized enough the importance in such work as this, where the validity of the results depends on numerical comparisons, of making the experiments under such conditions that comparisons are strictly possible. In previous work, the results of which have depended on the percentages of eggs fertilized under different conditions, the method of experimentation hast in general been far from exact. This is often the case in Echinoderm hybridization work-and numerous other examples might be cited, but the investigation which particularly interests us here is that of T. H. Mo~GA~ on fertilization in Ciona (9, 10, 11).
A considerable part of the work of this investigator was concerned with the question as to whether the eggs of all individuals are capable of being fertilized by the sperm of all other individuals. This is a problem of peculiar interest, especially in view of recent work on self-sterility in plants. It is far from being an easy point to settle, since the difficulty of making up the sperm suspensions of the different individuals to be compared of even approximately equal concentrations "is great. That this equal strength of the different sperm suspensions is an absolutely necessary datum for interpreting the results is shown by the fact that in making cross-fertilizations even small differences in sperm concentration produce large variations in the percentages of eggs fertilized. MORGAN'S method was to select 5 or 6 individuals, make all the possible reciprocal fertilizations between them~ and then compare the percentages of eggs fertilized in the different crosses. It is stated (9, p. 148) that ,The sperm, a, of the first individual was then taken out and put into a small amount of water. It was then distributed to one set of eggs from each of the other individuals ]3, C, D, E; then the sperm of B was taken out and applied to another set of eggs,. It is not stated, however, whether sperm b was of nearly the same concentration as sperm a; nor is there any mention as to whether the eggs and sperm were thoroughly mixed before fertilization, and with one another at the moment of insemination. The observation is made, however (10, p. 321), that in all cases enough sperm was probably used to fertilize all the eggs capable of uniting" with that sperm. In the first series (9) several of the combinations were made twice in the same experiment, frequently giving very divergent results. Thus in Exp. XIII, Ea (i. e. E eggs with a sperm) gave first 100O/o and then 85O/o of fertilized eggs. In Exp. XIV, Ea gave 0O/o and 40/"0; Ae 0O/o and 100O/o . In Exp. XV, Ea gave 20/o and 0O~o; De 90o/0 and 100O/o ; Ae 0% and 100O/o. In Exp. XVI, Ea 5% and 70% ; De 100o/o and 30%; Ae 75o/o and 100O/o . It seems extremely probable that these divergencies are due to inexact experimentation, although MORGAX suggests (10, p. 320) that the extreme difference of 0O/o and 100~ in one combination in Exp. XIV and again in Exp. XV" ,is due-no doubt to the failure to add sperm to the first lot, which might easily occurs. How arc we to judge of the exactness of the results in the crosses which were not made twice over? The conclusion drawn from 240 combinations was that the sperm of an individual Ciona is not c.apable of fertilizing the eggs of all other individuals to an equal extent, although some of the results, according to MORGAN, may have been due to the presence with the eggs of 9 body-fiuidsr It would seem however, that the equality of conditions for each of the crosses should be made very much more exact before this conclusion is justified.
The way in which the pcrcentag'es of segmenting eggs were counted is not given. Her are there-usually any details as to about how many eg'gu were used in the experiments nor how many of these were counted. In some few cases, however, the number of eggs present is given in brackets after the percentages. Apparently these were the cases in which exceptionally few eggs were used, as the following citations would seem to show. In all work on fertilization under different experimental condi-1) On the same page is recorded ,60% (no eggs),,, but this must be a printer's error. tions, the complete absence of genital products of other individuals than those used in a particular experiment is an absolutely essential condition. This is, if possible, more than ever important in work on self-fertilization in comparatively self-sterile organisms, where the presence of the most minute trace of ,foreign, spermatozoa upsets the whole results. The importance of this precaution is fully realized by MORGAN. He says (9, p. 137) ,The individuals to be used were isolated, as a rule, from 24 to 48 hours, and in most cases were rinsed in fresh water before opening,, and that instruments were properly sterilized. Nevertheless, throughout the work the expression of doubt recurs that such and such a result may have been due to contamination with ,foreign, spermatozoa. There is no necessity for such doubt at all, for if unfertilized controls are kept of every lot of eggs employed, and unfertilized eggs are left lying in samples of every fluid used, if none of these segment there can be no reasonable question of the accidental presence of spermatozoa which would vitiate the results.
Experiments were made by MOI~GAN to test the influence of ovaryextract on the extent of self-fertilization. In 2 out of 8 cases some of the eggs segmented, but ,there may have been contamination in the latter case, (9, p. 139). Again, it was tried whether water in which eggs had been violently shaken would favour the self-fertilization of the eggs of another individual. In several cases self-fertilization did occur in the presence of such water (10, p. 325); but ,There is, in fact, a source of contamination in this experiment that may fully account for all the cases observed. In removing the eggs from the oviduct some of the sperm from the vas deferens may be accidentally squezed out and become mixed with the eggs, and remaining in the follicle water fertilize the other eggs,. Why were not unfertilized eggs from another individual left lying in the water in which the eggs had been shaken (follicle water) to test whether it contained spermatozoa or not?
Again, the question recurs (11, p. 207) as to whether the few cases of self-fertilization observed may not have been due to contamination with, foreign, spermatozoa retained in the branchial basket of the animal, which might then come into 6ontact with the eggs removed from the oviduct. But if unfertilized samples of these eggs had been kept as controls the possible presence of such ~foreign, spermatozoa would have been made known.
The repetition of such examples serves no further purpose~ but k~chiv f, Entwicklungsmechanik. XL. 12 in conclusion it should be pointed out that some of the experiments made to yield results by comparison were not comparative at all. For example, eggs were fragmented by pressure under a cover-slip and many of the eggs which had been broken in this way were self-fertilized on the addition of >,own~ sperm, thus ~,indieating that the resistance to self-fertilization is due to something in the membranes surrounding the eggs~ (10, p. 326). But the second half of the experiment, which would justify such a conclusion, is missing. It is not mentioned whether some of the same lot of eggs, which had n o t been crushed, showed n o self-fertilization when inseminated with an equal amount of the same sperm suspension. Again, a number of experiments were made to see whether subjection of the genital products to low temperatures would increase the percentages of eggs self-fertilized. In some cases a considerable proportion of eggs showed self-fertilization after such treatment, but apparently the second half of the experiment was again missing, in which some of the same lot of eggs untreated with cold should have been fertilized with a like amount of the same suspension of ),own, sperm, also untreated. MoaGAs concluded that the variation in the extent of self-fertilization in the different experiments of this series was probably due to contamination with sperm contained in the branchial baskets of the animals from which the eggs and sperm had been removed. But this possibility could have been tested by leaving ~foreign, unfertilized eggs in sea-water containing a piece of the branchial basket.
III. Factors influencing the extent of self-fertilization.
From the foregoing it is plain that Ciona intestinalis at :Naples is not absolutely self sterile, but that self-fertilization occurs to a considerable degree. Moreover the extent to which it takes place is very variable. The experiments described in this Section are attempts to analyse the factors which influence the extent of the self-fertilization; that is to say, they are exact comparisons between the proportion of eggs of a given individual self-fertilized under a certain set of conditions, and the proportion when one of the conditions is altered. At the same time a comparison is made between the percentage of some of the same lot of eggs cross-fertilized by sperm of a ,foreign, 5) individual, or of eggs a ~foreign~ individual 1) ~0wn, sperm is used to denote sperm taken from the same individual as the eggs. ,)Foreign, sperm is that from another individual.
cross-fertilized by sperm of the first one, under similar conditions to those used in the self-fertilizations.
1. Sperm-concentration.
Each of the first Series of experiments made to test the influence of sperm-concentration on self-fertilization was carried out as follows.
Approximately equal amounts of eg"g"s of a given individual were placed in equal quantities of water in four dishes. Fertilization was effeeted by the addition of sperm as follows: To dish (1), 5 drops of a milky suspension of ,,own, sperm; to dish (2), 4 co. of ditto; to (3), 5 drops of a milky suspension of ,foreign~ sperm of approximately the same concentration as the suspension of ,own, sperm; to (4) 4 co. of ditto. The results of these experiments are shown in Table I . The Table shows that in each of the experiments an increase in the concentration of ~own~ sperm caused an increase in the number of eggs self-fertilized, the percentage in Exp. 3 being" raised to 100, a proportion which subsequent experiments proved to be uncommon. The fertilizations of the eg"ffs with ,foreign, sperm demonstrate the ease with which cross-fertilization is effeeted as compared with self-fertilization by an approximately equal concentration of' sperm, 100% of the eggs seg"menting in each experiment even with the more dilute sperm suspensions.
Further experiments were then carried out confirming this conclusion. The results are shown in Tables II, fII and IV. The method used in Table II , which was the same as that used in those of Tables III and IV, was as follows. Six dishes were prepared, containing equal amounts of water. To the first three were added approximately equal amounts of eggs E to be selfed, and to the last three~ approximately equal amounts of eggs of another individual F to be crossed. Fertilization was 12' effected by the addition to each dish of the amounts of sperm suspension e given in the Table. In this case the comparison between the proportion of eggs selfed and the proportion crossed with the same amount of sperm was exact, since the same sperm suspension was used in each fertilization. fertilization.
The next factor investigated was the length of time the eggs and sperm lay in water before they were brought together. The eggs and sperm of one individual and the eggs of another were removed separately from the genital duets and fertilizations were made at definite intervals after these genital products had been brought into the sea-water.
The exact procedure in Exp. 1 was as follows:
The genital products were removed at 2.55--3.10 P.M. At 3.45--3.50 t) the first fertilizations were made. A certain quantity of eggs A was placed in water, after which 2 co. of a thick sperm suspension a was added. At the same time an approximately equal quantity of eggs D was placed in 10 cc. water in another dish and lec. of a dilute sperm suspension a was added. In the previous section it was shown that a considerably greater concentration of sperm is necessary to effect self-fertilization than would cross-fertilize 1000/0 of foreign eggs, and therefore the sperm a used for crossfertilization had to be made much more dilute than that used to self-fertilize eggs A. The details just given were repeated exactly at each subsequent fertilization, the times of which are given in the Table below. The same two sperm suspensions were of course used to effect the self-and cross-fertilization after each inter)-al.
The other four experiments were carried out on the same lines as Exp. 1. The details of the quantities of sperm and water used and the intervals at which the fertilizations were made are given in Table V . I) The fertilization times given in Table V were taken at the end of each operation, which occupied 3--5 minutes.
2) By ~Cut out, is meant the time at which the genital products were removed from the ducts.
3) This last fertilization showed much polyspermy, which may account for the irregularity in the percentages. In ali other cases recorded in this paper segmentation is regular unless otherwise mentioned.
( As in all the experiments dealing with self-fertilization, more trials were made than the successful ones recorded below, owing to the fact that there are always a certain number of individuals in which n o n e of the eggs will self-fertilize. In this series, 5 successful experiments are recorded, but besides these there were three in which the self-fertilization percentages were nil throughout.
The first point brought out by the experiments of Table V is that in every case the percentages of eggs self-fertilized rose with succeeding fertilizations. In four cases it fell again after having reached a maximum, but in Exp. 3 at 4~/'2 hours after removing the eggs and sperm from the animal the maximum had not yet been reached. The corresponding cross-fertilizations with the sperm from the same animals showed in no ease a rise in percentages with successive fertilizations. In Exp. 2 and 3 there was an excess of sperm throughout in the cross-fertilizations, 100 % of eggs segmenting every time. In Exp. 1/4 and 5, however, the percentages fell --in the last two, rapidly.
From the experiments already described on the length of time that sperm and eggs remain capable of fertilizing, it appeared that the sperm loses its capability comparatively rapidly, while the eggs ,go off,, much more slowly. From this it would seem that the falling off of the cross-fertilization percentages in Exp. 1, 4 and 5 is to be attributed rather to the failure of the sperm than of the eggs.
From a comparison of the corresponding self-and cross-fertilizations in Exp. 1, 4 or 5 it seems that the self-fertilization percentages continue to increase until the sperm begins to fail (as indicated by the decreasing cross-fertilization percentages), after which they decrease again. In Exp. 3, where the cross-fertilization percentages show that the sperm did not commence to lose its fertilizing power during the progress of the experiment~ the proportions of eggs self-fertilized continued to rise steadily.
In Exp. 1, 4 and 5 the temperatures of the water at the moments of fertilization are recorded. Table V shows that the maximum variation is only 1 ~ C~ and as there is no rise and fall correlated with the rise and fall of the fertilization percentages, there can be no connection between the two.
The conclusion can thus be drawn from the experiments that lying in water increases the self-fertilizing capacity of eggs and sperm. This increase continues up to a maximum, after which it falls of again, probably due to the loss of both self-and crossfertilizing power by the sperm.
Although it is certain that there is an increase in the extent to which self-fertilization takes place after the eggs and sperm have been for some time in sea-water, yet the experiments do not decide whether it is due to a change in the eggs or in the sperm. It was thought that further experiments to decide this point could be made as follows.
About half the eggs contained in the oviduct are removed and placed in sea-water. The hole in the oviduct wall through which the eggs were removed is then clipped and the sperm removed from the sperm-duct to make up a suspension. At regular intervals equal amounts of this sperm suspension are used to fertilize (1) some of the eggs already lying in water and (2) some more eggs, just removed from the oviduct. If the egg's (1) showed the typical rise and fall in self-fertilization percentages, while the eggs (2) did not, the phenomenon would be due, at any rate in part, to an alteration in the eggs during their stay in sea-water.
The experiment was tried and was a complete failure. The eggs which had been for varying lengths of time in sea-water showed the usual increase and decrease in fertilization percentages, but the proportions in eggs taken fi'om the oviduct immediately before each fertilization were quite irregular. The reason for this will be appa-rent when the results of experiments to be described below are seen: for it will be shown that eggs and" sperm taken from different parts of the genital ducts of a given animal behave quite differently in their capacity for selbfertilization, l~ow, whereas the eggs lying in water are thoroughly mixed together before being used, and are thus homogeneous material, every time that eggs are removed from the oviduct for comparison, a sample is obtained having a quite different behaviour.
The reverse experiment, namely that of removing all the eggs and half of the sperm from an animal and then taking samples of the remainder of the sperm from the vas deferens at each fertilization, is impracticable for the same reason. The latter experiment, moreover, is useless from a further cause. It is impossible to make up sperm suspensions of identical concentrations each time that sperm is removed from the duct.
Thus it cannot be decided whether the change in the capacity for self-fertilization shown by the genital products on lying in water is due to a change in the eggs or in the sperm.
Position of genital products in their ducts.
The irregular variation in the self-fertilization percentages obtained on successive days when an isolated animal is allowed to lay eggs and sperm naturally must be explained in part at least by the differences in the concentration of sperm, depending on the amount ejected on each occasion. The importanee of the sperm concentration has already been shown (pp. 175--176 above), but this may not be the whole reason for the differences in the percentages just referred to. The phenomenon suggests that the genital products of a given animal vary in their capacity for selbfertilization from day to day.
This hypothesis can be tested as follows. The egg's lying at the inner end (base), in the middle, and at the outer end ttop) of the long oviduct are removed separately from the animal and brought into sea-water. The sperm is then removed from the sperm duct and used to fertilize the three lots of eggs separately.
If equal amounts of the three lots of eggs showed the same amounts of self-fertilization with equal concentrations of the sperm, it would argue a uniformity of behaviour in one animal; although the possibility would not be excluded that the eggs given off from the ovary at a later occasion might act differently. If, on the other hand, the three lots gave irregular differences in the percentages, it would be clearly shown that eggs produced at one time have a different capacity for self-fertilization from those produced at another time, since eggs lying at the top of the oviduct are older than those lying at its base. There is also a third possibility, namely that a regular gradation in percentages from base to top would be found.
Experiments were made on this plan, and also thareverse ones of testing samples of eggs, taken from the whole oviduct and well mixed together, with sperm from different positions in the vas deferens. The details of the first series of experiments were as follows.
The oviduct of an animal was clipped in one or more places and the eggs removed separately fl'om the different lengths thus divided off. Comparative tests were made of the self-fertilizing capacities of these different lots of eggs, and other tests of their crossfertilizing capacities. For the former, sperm was removed from the sperm duct of the same animal from which the eggs were derived, and a suspension of it made up. Approximately equal quantities of the different lots of eggs were put into dishes containing 10 ee. of water and to each 1 ec. of a thick ,own, sperm suspension was added. For the cross-fertilizations a dilute sperm suspension of another individual was made up. 50 drops of this were added to each of a number of dishes containing approximately equal amounts of the different lots of eggs in 10 ec. water. The results of the experiments are shown in Table VI . The Table shows at a glance that there is no uniformity in the self-fertilization percentages of eggs taken from the base and from the top of the oviduct of a given animal. Nor do the different animals agree in the eggs from the top being always either more or less readily self-fertilizable than those from the base. Exp. 3 and 5 show that the same conclusions apply to the cross-fertilization percentages (in Exp. 1 and 2 an excess of sperm was present and no comparisons are possible). Finally there is no correspondanee between the self-fertilization percentages of eggs of a given animal, taken from the base and frdm the top of the duct, and the crossfertilization percentages of these eggs. In Exp. 3 eggs from the base were more readily self-fertilizable than those from the top, while the reverse held for the cross-fertilizing capacities.
Besides the above, further experiments were made in which, not only the eggs were removed separately from the different regions of the duct, but the sperm was treated similarly. It must be pointed out, however, that comparisons between the effects of sperm fi'om the base and from the top of the vas deferens on any given lot of eggs are necessarily very inexact. This is owing to the fact that it is impossible to make up two different sperm suspensions of exactly equal concentrations, since the latter can only be judged by the eye, a comparatively inaccurate method.
In each experiment the eggs were removed separately from the different regions of the oviduct. Approximately equal quantities of each of the lots of eggs were fertilized (1) by equal concentrations of sperm from the base of the sperm-duct, (2) by equal concentrations of sperm from the top of the sperm-duct, (3) by equal concentrations of a sperm suspension of another individual. Besides this, equal amounts of the sperm suspensions from the base and from the top of the sperm-duet were tested with ~foreign~ eggs. See Table VII .
These experiments are a further confirmation of those of Table VI in showing the irregularity in behaviour of eggs from different parts of an oviduct both in respect to self-and cross-fertilizing capacities --see Exp. I, A/a2, Exp. 2, B/bl, and B/n. The further point which these two experiments were made to test, namely the behaviour of sperm from different regions of the vas deferens, must remain undecided for the reason that the different suspensions cannot be made up of exactly equal concentrations. In Exp. 1 sperm from the base failed to self-fertilize, while that from the top fertilized the eggs of the same animal to varying degrees. In Exp. 2 exactly the reverse 
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Part of oviduct from which eggs '~-ere taken Lower Upper Top B~so middle middle was tile case. Further, the tests of the two sperms in each experiment with ,foreign, eggs showed that the self-fertilizing power went hand in hand with the cross-fertilizing power. Whether, however, the behavionr of the two sperm suspensions means that there is a real difference between them, or whether it is due to a slight difference in the concentrations of the suspensions must remain unsettled. The final conclusion to be drawn fl'om the experiments described in this Section is that eggs from different regions of the oviduct have quite different self-(and cross-) fertilizing capacities, when treated with equal concentrations of sperm. Whether or not there is a similar difference in the bchaviour of the sperm is undecided. The varying behaviour of the eggs is in no way correlated with their position in 1) The figures in brackets are the number of minutes after fertilization when the first four-cell division was completed. the oviduct, i. e. with their age, and we must therefore conclude that an animal produces eggs which are at one time more and at another less prone to self-fertilization.
IV. The effect of g sperm suspension on the eggs of the same individual.
As soon as it was found that Ciona intestinalis at Naples is not totally self-sterile, but is self-fertile to a very varying degree in different individuals, the proposed heredity experiments referred to in the Introduction had to be postponed until the limits and conditions of self-fertility had been settled. In the preceeding sections some of the main factors have been described which influence the degree of self-fertility, and although the latter is very variable, it has been shown that a very much greater concentration of sperm is always necessary to bring it about than is required to effect cross-fertilization. Moreover a considerable proportion of individuals are always present, the eggs of which cannot be self-fertilized at all.
The causes of this self-sterility have been investigated before, but, although the problem has been narrowed down considerably, they remain fundamentally as obscure as ever. It was with a view to attacking this problem of the means by which the immunity of eggs to fertilization by ,own, sperm is brought about that experiments on the influence of egg-secretions on fertilization were begun. This investigation forms the subject of a separate paper. As the work progressed, so many preliminary questions with regard to the effects of the egg-secretions on normal cross-fertilization in Ciolza and other forms had to be settled, that, at the time of writing, not enough experiments on the influence of the secretions of ,own, and ,foreign~ eggs on self-fertilization had been made to justify publication.
In the paper on egg-secretions it will be shown that the eggs of Ciona secrete a substance into the water which stimulates spermatozoa, both of the same and of other individuals, to effect crossfertilization. Whether this secretion fails to have the same effect on the self-fertilizing power of spermatozoa of the same individual, or whether some other substance is secreted which actually inhibits self-fertilization has not as yet been settled. But whether such a possibility be true or not, there seems to be another factor intimately connected with the difficulty of self-fertilization, and that is a change brohght about in the eggs by the presenee of ,own, sperm. The experiments which will be described in this section seem to show that if eggs be brought into contact with a sperm suspension of the same individual, their capability of being subsequently fertilized by 9 foreign,, spermatozoa is diminished as compared with that of eggs not so treated.
The first series of experiments was carried out as follows. In each instance the eggs of an individual were divided into two lots, which were placed respectively in (1) plain water, (2) an opalescent suspension of ,own, sperm. At definite intervals 1 ee. of a ,foreign, sperm suspension was pipetted into each of two dishes containing 22 co. water. The liquids so prepared were then poured separately on to (1) a drop of eggs from the water, and (2)a drop of eggs from the suspension of ,own, sperm. These fertilizations were repeated at intervals given in Table VIII, so that the effects on the eggs of remaining for different lengths of time in ,own,, sperm could be compared.
The percentages of segmenting eggs were counted 80 minutes after each fertilization, and at the same time the percentage of selffertilized eggs lying in ,own, sperm suspension (2) was counted. Table VIII gives the results of the experiments.
It should be noticed, in the first place, that the Table shows a decrease in the percentages at each subsequent fertilization, a fact which, as has already been pointed out, is almost certainly due to a gradual decline in the fertilizing power of the sperm. The striking point in the results is however, that, for each pair of fertilizations, the percentages are lower with eggs which have been previously treated with ,own, sperm than with those not so treated. In most cases, moreover, the cross-fertilization percentages of the former should be still lower than those actually counted and recorded in the Table, since during their stay in ,,own, sperm suspension a certain number of the eggs had been self-fertilized. In order to allow for this factor the proportion of eggs remaining in ,own, sperm, which had been self-fertilized, was calculated at the same time as the cross-fertilization percentages were counted. These figures are given in the last column of the Table. In the last fertilization of Exp. 2, the treated eggs shown an apparently higher cross-fertilization percentage than the untreated; but on examining the last column it is seen that all these eggs had already been selfed. Again in Exp. 4, although the treated eggs show for both fertilizations lower pereen- tages than the untreated, in the previously treated eggs the second percentage is higher than the first. This is however~ really due to the presence in the treated eggs of 280/0 already self-fertilized. When the presence of self-fertilized eggs in the lots which have been treated with ,own, sperm is allowed for~ the fall in cross-fertilization percentages of the latter is even more marked than appeared at first sight. This might be due to one of two causes. Either the presence of ,own~ spermatozoa calls forth a reaction on the part of the eggs hindering the entrance of the former~ and also --although to a much lesser degree --hindering the entrance of ,foreign~ spermatozoa: or the presence of tl~e small amount of sperm suspension which is necessarily carried over with the drop of eggs removed for cross-fertilization itself inhibits the *foreign, spermatozoa. For spermatozoa in the vas deferens are motionless, and this must be due either to the absence of sea-water, or to the presence of a substance inhibiting movement. If the latter exists, it must be present in a dilute form in the suspension of ))own~ sperm, and might conceivably act on the ,foreign~ spermatozoa when these are added to the drop of eggs taken from this suspension. In order to test whether this is the explanation of the diminished cross-fertilization percentages of the treated eggs, or whether the latter have really been altered in their capacity for cross-fertilization by their sojourn in 9 ownr sperm, further experiments were made. Before being crossfertilized, the treated eggs were thoroughly washed in a comparatively large volume of water.
As in the previous experiments, the eggs of each individual were divided into two lots and placed respectively in water and in opalescent ,own, sperm suspension. After a definite interval (10 rain. in Exp. 1 and 2; 15 min. in Exp. 3) 1 cc. of ,)own,, sperm, containing eggs, was removed to 100 co. of plain water in a finger-bowl~ in which the eggs were allowed to settle in order to remove excess of sperm. A definite quantity of ,foreignr sperm suspension (given in Table IX ) was pipetted into each of two dishes containing 10 cc. water. These were then poured on to separate approximately equal quantities of eggs (1) from plain water, (2) from the finger-bowl.
In these experiments fertilizations were not made at different intervals of time. as in the former ones, but each was made double, two different amounts of sperm being used. The results of the experiments are recorded in Table IX . The Table shows that the eggs .which have been in the presence of ,own, sperm behave in subsequent cross-fertilization in the same way after the ,own, sperm has been removed by washing as they did in the previous experiments when this was not done. This makes it extremely probable that the real reason for the diminished capacity for cross-fertilization is a change brought about in the eggs by the sperm of the same individual.
An examination of Tables VIII and IX shows that the change in the eggs, as indicated by the lowered cross-fertilization percentages, is comparatively small, and that when an excess of ,foreign~ sperm is present, as in Table VIII , Exp. 2, and Table IX, Exp. 1, 100o/o of these eggs can be fertilized. That the eggs can be cross-fertilized after the treatment, although with rather less ease, does not mean that there may not have been a large change in them, as regards their receptivity to their ,own, sperm. Whether this is so or not ca'nnot be tested, as our only criterion is that of comparing the extent to which they can be cross-fertilized, with and without the previous treatment. The facts certainly point, however, to the sperm having caused an alteration in the eggs of the same individual, and to this alteration being at any rate one of the means by which selfsterility is effeeted.
V. Comparison of the subsequent development of eggs self-and cross-
fertilized under various conditions.
1. Eggs cross-fertilized at different intervals after the removal of the genital products from the body of the animal.
The foregoing investigations, concerning some of the conditions which favour and limit the extent of self-fertilization, and the reasons for the self-sterility itself, bring the main part of this division of the work to a conclusion. A considerable number of observations were however, also made on the subsequent development of eggs self-and cross-fertilized under different conditions. It was thought that these -experiments were worth recording, and the details, together with the conclusions to be drawn from them, are given in the following sections.
The first series of observations concerns the comFarative rates of development and the condition of the larvae hatched out when different lots of eggs are cross-fertilized at regular intervals after the genital products have been removed from the body of the animal into sea-water. The fertilizations were made in exactly the same way as those described on p. 177 above, and indeed several of the experiments of this section are identical ones with those recorded in Table V , the subsequent development of the eggs having been noted. The method, it will be recalled, was briefly as follows. For each experiment eggs were removed from one individual and sperm from another. At definite intervals (given in the Table below) approximately equal quantities of the eggs were fertilized by the addition each time of exactly equal amounts of the dilute sperm suspension.
The subsequent observations were as follows.
In the first place, the percentages of eggs fertilized were counted as usual.
Secondly, the rates of segmentation of the eggs were compared by noting the length of time after fertilization at which the 4-cell division took place. This stage was fixed upon as it is the easiest to observe rapidly and accurately under the low power of the microscope. Now, although all the eggs in a given lot do not complete the 4-cell division at the same moment, yet in general the majority divide almost simultaneously, and for this reason the criterion adopted for the comparison of the rates of segmentation was the time at which the first few eggs in a given sample were seen to have completed the second division. This naturally involves a certain latitude of experimental error, and in consequence the figures given in the Tables below are not correct to a minute. The extent of this error, however, does not exceed two minutes, and it will be seen that the differences between the times taken to complete the second divisions in the different fertilizations in a given experiment are usually considerably larger than this.
The rapidities of development of the embryos up to hatching were compared by noting the lengths of time after fertilization at which the first larvae emerged from the eggs in the different dishes. It is usually about half an hour after the first has come out before the majority have emerged from the eggs, and when the larvae are weakly, this time is considerably longer. The comparisons were therefore made by observing when the first larva of each lot hatched out. In the experiments in which the times of hatching were noted, the condition of the resulting larvae were also recorded.
The figures for these experiments are given in Table X. Archi~ f. Entwicklungsmechanik. XL. 13 Table X .
Explanation of Table:  9 Time 6f fertil, The approximate time in hours, after the genital products had been removed from the body of the animal, at which the fertilization was made. 9 Percent fertil, Percentage of fertilized eggs. 9 Time of 4-cells, Time in minutes after fertilization at which the first four-cell division was completed. 9 Time of hatching~ Time in hours and minutes after fertilization, at which the first larvae hatched out of the eggs. Considering first the four experiments forming Series A, it will be noticed that in each case the eggs fertilized later completed the 4--cell division in a shorter time than those fertilized earlier. Thus in Exp" 1, eggs fertilized 1 hour after being removed from the animal into sea-water took 115 minutes to complete the 4-cell division, those fertilized after 2 hours in sea-water took 108 minutes, those after 3 hours 101 minutes, and those after 4 hours only 100 minutes. The figures for the other three experiments show a similar increase in rate. This point has already been recorded by MORQAN (9) although he made no exact observations on the times of segmentation. With regard to the later development, the hatching rates of this Series 13"
show that the second fertilizations continued to have a more rapid rate than the first ones. In Exp. 1 and 2 the parallel with the earlier segmentation ceased here, for in the latest fertilized eggs the development of the embryo slowed down again. In Exp. 3, on the other hand, the eggs fertilized after a previous stay of 4 hours in sea-water hatched quickest of all, just as the 4-cell division of these eggs had been completed in the shortest period.
In comparing the last column of Table X , which gives the condition of the larvae, with that in which the times of hatching are recorded, it is seen that those larvae which emerge from the egg in the shortest time from fertilization are the healthiest.
In the four experiments of Series B the rates of early segmentation were noted but not the times of hatching. The general result is the same as that of Series A, namely that the later fertilized eggs segment quicker, but Exp. 8 show a marked irregularity difficult to account for. There is a fall from the 91 minutes of the 11/2 hour eggs to 80 minutes of the 21/4 hour eggs, after which the next fertilized lot give 87 minutes, and then the final batch drop to 76 minutes again. ~'inally in Exp. 6, there is a decrease in the times at which the 4-cell stage was attained from the 1 hour lot (99 minutes) to the 21/2 hour lot (81 minutes), after which there is a rise to 90 minutes again. This is a phenomenon similar to the change in the hatching rates in Series A. The segmentation time of the last fertilization in Exp. 5 is given in brackets as it is not really justifiable to compare this observation, made on the very few eggs that were fertilized in this case, with the large numbers in the other batches.
Exp. 5 and 7 show that the increase of segmentation rates with succeeding fertilizations went hand in hand with a decrease in the percentages of eggs fertilized.
The experiments of Series C show an exactly reverse phenomenon to those of Series A and B. In every case the segmentation rates became slower with successive fertilizations. This is especially marked in Exp. 9, where there was a gradual rise fi'om 82 minutes of the 1 hour fertilization to 93 minutes of the 5 hour lot. The two experiments forming Series D behaved similarly, although there was a final increase in the rate for the last fertilization of Exp. 13.
It was thought that there might be a connection between a change in temperature during the progress of the experiments and the alterations in the rate of segmentation. The evidence~ however, seems to point rather against this. In Series A the temperature rose from 19.5 ~ to 21.5 ~ C during the experiments. In Series C it remained eonstant~ and in Series D rose from 18~ ~ C. If the rise of 2 degrees in the experiments of Series A will account for the increase in the segmentation rates, there is no fall in temperature in the later Series correlated with the decrease in the latter. Moreover, in the first series~ although the segmentation became more rapid in later fertilizations, the time taken to complete the 4-cell division was longer than that of the slowest segmentation in Series C. l"~everthe-less the temperature during the latter was throughout lower than during the former series of experiments. The possibility is, however~ not excluded, and unfortunately time would not allow of a further investigation. Nevertheless the difference in behaviour of the eggs would seem to depend rather on some condition of the animals from which they are taken. The four Series were made on four different days, and each with a different batch of animals brought into the laboratory. This 7 taken together with the fact that the experiments of each Series agreed in general with one another, seems to support this view.
Eggs and sperm from different parts of genital duets.
During the experiments made to investigate the effect of the 9 age, of eggs and sperm, as indicated by their relative position in the genital ducts, on the extent of self-and cross-fertilization, the segmentation rates of the fertilized eggs were noted. The lengths of time after fertilization at which the first four cell divisions took place are recorded in Table VII (p. 183), for some of the lots of eggs.
A comparison between the times taken by C eggs cross-fertilized 1) by sperm al from the base of the sperm duct, and 2) by sperm a2 from the top of the sperm duet, in Exp. 1, shows that the segmentation rates were identical, although the percentages of eggs fertilized were very different in the two cases. Again, eggs from 1) base, 2) middle and 3) top of the oviduct cross-fertilized by the same sperm~ all segment at the same rate, although the percentages fertilized may be different. This is shown by the segmentation times in Exp. 1, cross Aim and Exp. 2, cross Bin of Table VII. Thus, neither the position in the genital duct of the sperm used to make a cross, nor that of the eggs crossed causes any variation in the early rate of division of the segmenting eggs.
Comparison of development after self-and cross-fertilization.
The first experiment consisted in a comparison of the segmentation rates of 1) Eggs self-fertilized (K/k), 2)Eggs of the same individual cross-fertilized (K/p), and 3) Eggs of another individual cross-fertilized hy the same sperm as that used for the self-fertilization (L/k). In each case the eggs were fertilized at four different intervals after the genital products had been removed into the seawater. The details and results of the experiment are recorded in Table XI , and it will be noticed that the experiment is the same as that given in Table V , Exp. 5. In addition, the cross Kip was made, and is tabulated here only as the percentages of eggs fertilized were immaterial to the matter under discussion in the previous Section.
For explanation of headings of colums see Table X . The variations in the segmentation times of the eggs fertilized at different intervals in any of the three crosses were small. It is seen by comparing K/k with L/k that there is praetieMly no difference in the rate of early segmentation of eggs self-and cross-fertilized. The four fertilizations /~)~ took rather longer to divide than the other two combinations, which suggests that the division rate depends more on the sperm than the eggs. The results further emphasize the fact that the rates of segmentation do not depend on the percentages of eggs fertilized.
As was explained in the Introduction, the original scheme of work has not yet been carried out, namely that of rearing reciprocal cross-fertilized families to maturity, in order to find the degree of cross-fertility of sisters inter se and of members of one family with those of the reciprocal. This has not yet been attempted owing to the many preliminaties to be settled first, the investigation of which forms the substance of this paper. A number of families were, however, reared, partly in order to settle the optimum conditions of food etc. (6) , but more especially to compare the later development of animals derived from cross-and from self-fertilized eggs. The details of two typical experiments are given below.
It should be noticed in the first place that, whereas in all previous experiments in cross-fertilization very dilute sperm suspensions were used so that the percentages of eggs fertilized should lie between 0 and 100, thus allowing of comparison, the fertilizations in the following cases were all made with an excess of sperm. The reason for this was, of course, that the object of the experiments was not to compare percentages of eggs fertilized under different conditions, but to obtain the maximum number (100o/0) of developing eggs for rearing purposes.
In the first experiment (Table XII) The Table shows that the excess of sperm gave in each crossfertilization 100o/o of segmenting eggs. The second column of the Table shows that there was very little difference in the early segmentation rates of the five fertilizations. Both when b sperm was used to self-fertilize B eggs and to cross A eggs, the 4-cell stage was reached at the same time --83 minutes. Again, when a sperm was used to self A eggs and to cross C eggs the segmentation rates were identical (in this case 86 minutes for 4-cell stage), but when the a sperm fertilized B eggs the latter segmented a little quicker (83 minutes).
Thus the early segmentation was not slower in the self-fertilized eggs than in the cross, but the times of hatching (given in the Table in hours and minutes after fertilization) show that the segmentation rate of the former slowed down a little in the later stages.
In the column headed ,Settled down~ is given the proportion of larvae in each case which fixed themselves after their brief freeswimming period. The proportions were roughly estimated by eye --the only method practicable --and are independant of the absolute numbers of larvae present in the different cultures, which varies, of course with the percentages of eggs fertilized. It is striking that none of the few larvae present in the B/b culture settled down, and very few in the A/a, whereas a large proportion fixed themselves in the cross-fertilized lots. The next examination was made 8 days afterwards, when no individuals derived from self-fertilized eggs were found to have survived, while those from cross-fertilizations were growing rapidly 9
The second experiment, made on the same lines as the first is recorded in Table XIII . In this case, of the self-fertilizations only C/c gave enough segmenting eggs to make observations on. The rate of early segmentation was here slightly slower than in the crosses, and the time of hatching was considerably later. Moreover the C/c larvae hatched out were not so vigorous as those of the crosses, which were equal in this respect. 8 days later one or two only of the self-fertilized individuals which had fixed themselves were surviving, and after 20 days these were found to have died off. It should be mentioned here that after the majority of the larvae had settled down in their different dishes, the latter were washed in a stream of sea-water to remove all larvae which had failed to fix themselves and all which had settled on the surface-film1). The dishes were then sunk in a large tank of water, so that the different cultures should be exposed to identical conditions during the growth of the young animals."
In the last column of Table XIII it will be noticed that after 20 days fewer of the crosses C/a and Ate were living than of B/c and C b. Nevertheless, the former had shown a slightly quicker rate of early segmentation than the latter, and the time of hatching of Ate had been the earliest in the crosses, although that of Ca had been the latest. There seems to be little or no correspondance between the relative rapidity of segmentation and the subsequent development. The larvae of each cross which settled down on the first, on the second and on the third day after hatching were reared separately. Those from the first and second days developed equally well, but those from the third much worse in each case. Tables XII and XIII , a considerable number of other similar ones were carried out. All agreed in showing that the early segmentation of self-fertilized eggs is little, if at all slower than of cross-fertilized, but that the larvae of the former hatch out somewhat later. Very frequently, however, the larvae from the self-fertilizations do not fix themselves at all, but die off. When they do settle down they fail to develop further, perishing in the course of a few days. One exception only was found to the last statement. A self-fertilized culture (A/a) made on June 20th gave a low percentage of fertilization. Some of the larvae fixed themselves, and on July 22nd --more than a month later --four individuals were still alive. They had attained the length of 1 cm. and appeared to be very healthy. Young from both of the cross-fertilizations, A/b and B/a, however, grew much more rapidly.
Besides the two experiments given in

1)
In later experiments, where a strict comparison between the states of development in the various cultures was not wanted, the animals which settled on the surface-film were not discarded. They were indeed in most cases found to grow more rapidly than those on the walls of the dishes.
VI. Summary of experimental results.
1) A greater concentration of sperm is usually necessary to bring about any self-fertilization than would cross-fertilize 100% of >>foreign, eggs.
2) An increase in the concentration of the sperm suspension causes an increase in the number of eggs self-fertilized.
3) The proportion of eggs self-fertilized increases with the length of time the eggs and sperm have been in sea-water before fertilization is effected. The percentages rise to a maximum and then decrease again, the time of the maximum being different for each individual. The subsequent decrease in the percentages is probably due to a falling off the ,fertilizing power,, of the sperm suspension. It cannot be determined whether the rise in self-fertilization percentages is due to a change in the eggs or in the sperm. The cross-fertilization percentages decrease as the time the eggs and sperm lie in sea-water before fertilization increases.
4) There is no uniformity in the fertilization percentages of eggs from different parts of an oviduct, fertilized with equal amounts of a given sperm suspension. Sometimes eggs from the outer end, at others eggs from the inner end are more readily self-fertilizable. :Nor is there any eorrespondanee between the relative ease of selffertilization and that of cross-fertilization of eggs from different parts of the duct. Probably the same applies to sperm taken from different regions of the vas deferens. Thus the degree to which eggs of a given individual can be self-fertilized varies with each batch produced.
5) Contact with a suspension of ,own, sperm decreases the ease with which eggs can subsequently be cross-fertilized.
6) The rates of segmentation of eggs cross-fertilized at increasing lengths of time after the eggs and sperm have been brought into sea-water either increase or decrease.
7) Cross-fertilized eggs from different regions of the oviduct segment at the same rates. This is also true for eggs cross-fertilized by sperm from different parts of a vas deferens.
8) The rates of segmentation are independant of the percentages of eggs self-or cross-fertilized.
9) The early segmentation rate is not slower in self-than in cross-fertilized eggs, but the former hatch out a little later. Many of the larvae from the self-fertilizations fail to settle down, and those which do almost always die off in the course of a few days. 10) There is little or no relation between the relative rapidities of segmentation and the subsequent development of different lots of cross-fertilized eggs. In a given culture, however, the larvae which settle down last develop worst.
VII. Conclusion.
In comparing" CASTLE'S and MOR(~AN'S work with the present results it is evident that there are races of Ciona inte.r which differ considerably with regard to their capacity for self-fertilization. This is not exactly the same phenomenon as that originally discovered by DARWIN in Reseda and recently re-investigated from a hereditary standpoint by COMPTON (2). Here there are individuals which are completely self-sterile and others which are completely self-fertile. CO~IPTON'S work is not as yet finished, but the results so far obtained indicate that in t~eseda self-fertility is a Mendelian dominant to self-sterility. For Ciona however, in those individuals where selffertilization can most easily be brought about, it takes place to a very much lesser degree than does cross-fertilization. A much greater concentration of sperm is needed to induce a comparatively high percentage of self-fertilized eggs than would easily cross-fertilize all the eggs of another individual. On the other hand many individuals were experimented upon at ~Naples in which no eggs at all could be fertilized with sperm from the same animal, although in general the :Naples Ciona seems to be much more self-fertile than the races used by MORGAN. Again, in t~eseda apparently an individual is either self-fertile or self-sterile. This is not at all the ease with Ciona at ~aples, where a given animal may vary widely in its capacity for self-fertilization with each lot of eggs and sperm produced 1).
The question arises as to whether the sterility of hermaphrodite animals is confined to the genital products of the same individual; whether all individuals are equally fertile when crossed with one another, presupposing of course that the eggs and sperm are mature and in good condition. MOaGAN attempted to investigate this question in Ciona and concluded that all individuals are not equally fertile inter se. A discussion 0fMORGAN'S methods has already been given 1) The may have been something like the same phenomenon in CORRENS' Cardamine, for repeated pollinations with the same plant did not always give the same result.
(Section II) and it is considered that his conclusions are unjustified. The question is not an easy one to attack owing to the difficulty of making different sperm suspensions of nearly equal concentrations; for a small difference in the strength of a sperm suspension makes a large difference in the proportion of eggs cross-fertilized. ~'evertheless if there be considerable variations in the degree of crossfertility, variations at all comparable with the extent of self-sterility, they would certainly be detected. It was not attempted to investigate the question in the present work, but it can be stated that in practically every case 100~ of segmenting eggs could be obtained as a result of cross-fertilization, provided that enough sperm was used. There were of course a few cases in which some of the eggs were obviously pathological and could therefore not be fertilized, but this does not affect the question. It is possible that the degree of crossfertility may be much less in nearly related individuals (c. f. CORRENS [4i) but this naturally cannot be decided with material taken from the sea. It is hoped that the laboratory cultures now being reared will shed further light on the subject.
The fact that self-fertilization can usually only be brought about at all in concentrated sperm suspensions suggests that there may be a substance in the water containing the spermatozoa which favours the self-fertilization. This cannot be connected with the reaction of the water, however, as the following test shows. A milky suspension of Ciona sperm was filtered. Five minutes after the suspension had been made up the filtrate gave the same reaction as normal sea-water with neutral red and with phenolphthalein. An hour and a half afterwards the latter indicator showed that a freshly filtered sample of the same thick suspension was very slightly more acid than normal sea-water. But, as will be shown in the following paper, acid diminishes, not increases, the fertilizing power of a sperm suspension. Experiments will also be made in the following way to test whether the thick sperm suspension contains substances which favour fertilization. A concentrated sperm suspension will be made up and then filtered through a porcelain filter which keeps back spermatozoa. Exact comparative experiments will then be made to compare the effect of this filtrate with that of ordinary sea-water on the proportion of eggs fertilized by a definite concentration of sperm. It may be, bowever, that self-fertilization takes place only with concentrated sperm suspensions because only one spermatozoon out of a very large number has the power of fertilizing eggs derived from the same individual.
The usual (though not invariable) progressive increase in capacity for self-fertilization shown by eggs and spermatozoa as they lie in sea-water suggests a connection with the maturation of the eggs. GOLSKI (7) has shown that in the unfertilized egg of Ciona the first maturation spindle is already formed, but the first polar body is not given off until the spermatozoon has entered. It might be that the increase in self-fertility is connected with the preparation for the first maturation division. At all events some change must come about in the eggs or spermatozoa or both after they have been shed into the sea-water. It is very interesting to note in this connection that self-fertilization can only take place to a very small extent in nature. For the only time when the eggs are in the presence of concentrated sperm of the same individual is for the few moments after the genital products have been exuded from the ducts before they are ejected through the atrial aperture: but at this time the eggs are usually not yet in a condition to allow of any self-fertilization. When they have reached this condition, some time after having been deposited, the eggs are no longer in the presence of the concentrated ,own, sperm, which has become diffused in the surrounding water and washed about by waves and currents. In allowing an animal to deposit eggs and sperm when isolated in a small dish, the conditions are quite otherwise, for the water into which the eggs are deposited becomes at the same time charged with spermatozoa. The latter can subsequently selffertilize the eggs, to a greater or lesser extent according to concentration and individual capacity, when the optimum time has been reached.
The cause of self-sterility is hardly touched upon in this investigation. The search for a cause led to the investigation of substances secreted by eggs into sea-water. The results of this work form the substance of a separate paper, which however, deals with cross-fertilization alone. So many points had to be settled with regard to the effects of the egg-secretions on spermatozoa used to effect ordinary cross-fertilization in Ciona and other forms, that at the time of writing hardly any self-fertilization experiments had been made. It is therefore really premature to discuss possible means by which self-sterility is brought about. The experiments detailed in Section IV above indicate, however, that one of the factors may be a change set up in the egg by contact with spermatozoa of the same individual --a change which inhibits the entrance of such spermatozoa, and also, although to a much lesser degree, hinders the entrance of ,foreign, spermatozoa.
As is well known, DARWI~ (5) first made a thorough investigation of the effects of self-fertilization on the offspring, showing that in flowering plants such offspring are not in general so vigorous as those derived from cross-fertilizations. In Ciona this effect of selffertilization was very striking. As has been shown above, the early segmentation is not usually slower in self-than in cross-fertilized eggs. It is interesting to note also that there is no difference in the segmentation rates of self-fertilized eggs from different parts of an oviduct, although the various lots may show quite different capacities for self-fertilization. The later segmentation of self-fertilized eggs is usually a little slower than that of cross-fertilized. In a few cases the larvae failed to hatch well, that is to say, they had difficulty in breaking out of the egg membranes, but this was not usually the case. In many cultures derived from self, fertilizations the larvae failed to settle down after their free-swimming period, but in most instances they settled down in the same way as those from crossfertilizations. It was after the settling down and metamorphosis that the marked effect usually showed, itself. With one exception, in which four individuals were reared for over a month, in all the cultures derived from self-fertilizations the young metamorphosed animals died off during the first week. This was very striking in contrast with cultures from cross-fertilizations in which the animals grew rapidly from metamorphosis onwards. POTTS (13) states that ,The pathological development which CASTLE found characteristic of selffertilized embryos did not occur in my experiments,. It is plain, however, that the effect of self-fertilization does not usually manifest itself in the embryo, but at, or more usually after, metamorphosis.
Zusammenfassung, 1) Eine grSBere Spermakonzentration ist gewShnlich n~tig, um Uberhaupt Selbstbefruchtung zustande zu bringen, als sic zur Befruchtung yon 100o/o Eier eines andern Individuums geniigen wiirde.
2) Eine KonzentrationsvergrSl~erung der Spermasuspension veranlai3t eine Zunahmo der Anzahl der selbstbefruchteten Eier.
3) Der Prozentsatz der selbstbefruchteten Eier w~ichst mit der Zeitdauer, welehe Eier und Sperma vor der Vornahme der Befruchtung im Seewasser zugebraeht haben. Er erhebt sieh bis zu einem Maximum und f~llt dann wieder ab, wobei der Zeitpunkt des Maximums fiir jedes Individuum ein versehiedener ist. Die nachfolgende prozentuale Abnahme beruht wahrscheinlich auf einem Ausfali au ~befruchtender Kraft, der Spermasuspension. Es l~ii3t sich nicht sicher ausmachen~ ob der prozentuale Anstieg der Selbstbefruchtung auf ether Vet- 
